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KOHONEN SELF ORGANIZING MAP FOR ANALYZING RAINFALL AND
INFLOW PATTERNS WITH INDIANA RESERVOIR SITES
Chandramouli Viswanathan and Nimisha Gupta
Assistant Professor of Civil Engineering,
Purdue University Calumet, Hammond, Indiana 46323.
Email: cviswana@calumet.purdue.edu
Graduate Student, Purdue University Calumet
Email: gupta26@calumet.purdue.edu
Inflows to reservoir systems are influenced by trends in rainfall patterns. Reservoir
system operation can be improved if these trends are modeled properly. This analysis
attempted to understand trends in rainfall and reservoir inflow patterns. This study was
performed using 8 reservoir sites located in Indiana. All the considered reservoirs are
maintained and operated by US Army Corps of Engineers. Daily data series from 1983 to
2008 were used. Rainfall at the reservoir sites and inflows to the reservoirs were
considered. Based on the locations of the reservoirs, regional changes were examined in
this study.
Kohonen Self Organizing Map (SOM) ((ASCE 2000a) is a neural network model, which
uses an unsupervised training approach to perform clustering. It is easy to change the
learning steps in the model so that the classification can be better controlled than using
standard statistical tools. During training, the SOM algorithm preserves the neighborhood
relationships of the input data (technically known as topology). While training, after
identifying the closest neuron (called winning neuron) to the input data using Euclidean
distance, the weights of the winning neuron were readjusted by the algorithm. In this
way, every dataset gets clustered with one neuron. Several applications were reported in
the recent past where SOMs were used for data mining and knowledge discovery in data
bases. By considering these advantages, SOMs were used in this study for understanding
the seasonal patterns of inflows to reservoir systems.
Several analyses were performed using SOM training including rainfall patterns, inflow
patterns and combined rainfall and inflow patterns. SOM were defined using 12 nodes for
all analyses. Principal Component Analysis (PCA) was performed with the original
database before the modeling work. Characterization of each node was done using
historical data. Available data were split into training and validation datasets for
understanding the performance of the model. Validation datasets were used to
characterize the node class and to understand the generalization capabilities of the
modeling approach.
In this analysis, clustered daily data from SOM were examined. Basic statistical
properties of each cluster for each station were considered for interpretation of results.
Based on these statics, classified neurons were studied and the nature of each cluster was
identified (Table 1). During training SOM in the combined rainfall – inflow model,
inflow data were converted to depth units (inches) using the watershed catchment area for
each site prior to PCA analysis. For each cluster, the number of hits within a year was
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initially used to study the trends (Figure 1). By classifying the events as Very Low, Low,
Moderate, High, Very High and Extreme, inferences were documented in this study.
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Table 1: Classified Clusters using Rainfall data of 8 Reservoir Sites
Neuron
Number
1
2
3
4
5
6
7
8
9
10
11
12

Northern: very low ;
Northern: very low ;
Northern: moderate ;
Northern: very low ;
Northern: moderate ;
Northern: high ;

Nature of the Cluster
Central: very low ;
Southern: very low
Central: very low ;
Southern: very low
Central: low ;
Southern: very low
Central: low ;
Southern: moderate
Central: moderate ;
Southern: moderate
Central: moderate ;
Southern: low

Northern: very low ; Central: high ;
Northern: high ;
Central: high ;
Northern: very high ; Central: high ;
Northern: high ;
Central: very high ;
Northern: very high ; Central: extremely high ;
Northern: extremely high ; Central: very high ;

10

Southern: high
Southern: high
Southern: high
Southern: extremely high
Southern: very high
Southern: very high

WATERSHED CLUSTERING BASED ON GEOMORPHIC AND HUMAN INDUCED
LANDSCAPE MODIFICATIONS: A CENTRAL KENTUCKY EXAMPLE
Brian D. Lee, Angela Schörgendorfer, and Collin D. Linebach
College of Agriculture
University of Kentucky
S305 Agriculture Science North
1100 Nicholasville Road
Lexington, Kentucky 40546-0091
(859) 257-7205
blee@uky.edu

Watershed boundaries rather than political boundaries are increasingly advocated
to address a variety of water resource issues. Effective watershed assessment processes
are needed that classify watersheds by geomorphic and human modified landscape scale
characteristics. This platform presentation expands upon the poster presentation at the
2008 KWRRI Symposium. The research continues exploring the opportunities and
constraints of an ongoing descriptive pilot categorization approach. Watershed sample
size has been increased to nearly 400 watersheds in and around Lexington-Fayette
County, Kentucky. Using a semi-automated process through ModelBuilder of ArcGIS
and publically available data from the Kentucky Geography Network, almost 40
landscape scale indicators are derived by Hydrologic Unit Code (HUC) 14 watersheds to
describe land surface conditions. Example indicators include proportion and spatial
configuration measures of human population, imperviousness, and agriculture/forest
cover characteristics.

Watersheds can be visualized geographically with a color ramp indicating
conditions for each indicator independently. A quantitative matrix can also be made to
allow for comparisons by indicator across the study area. The process provides a guide to
relative watershed condition both in relation to a specific indicator and amongst all
indicators. This enables indicator recombination as needed for particular issues under
consideration by planners, policy makers and interested stakeholders for more informed
watershed scale land use decision-making. These data are also expected to lead to a better
understanding of watershed categorization. Preliminary cluster analysis based on
geomorphic and human influenced variables was utilized to identify similar watersheds.
Combining the two sets of indicators in a single cluster analysis was not found to provide
data clarity. Furthermore, the results differ dramatically depending on analysis choices
made, transformations completed, and indicators utilized.
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“TRUE RELIEF”? ASYNCHRONOUS TOPOGRAPHIC CHANGE DETECTION AND
CONCOMITANT LAND COVER AND HYDROLOGIC IMPLICATIONS
Demetrio P. Zourarakis1
1

Ph.D., Remote Sensing/GIS Analyst - Kentucky Division of Geographic Information
Commonwealth Office of Technology
120 Glenns Creek Road
Frankfort, KY 40601
502-564-2480
demetrio.zourarakis@ky.gov

Changes in topography, such as elevation, slope, and aspect are frequently associated
with geomorphologic and land cover/land use changes, having also potential implications
for hydrologic and hydrographic properties of the areas affected. In Kentucky, temporal
changes due to reshaping of its relief (e.g. through mountain top removal, cut and fill
operations, road cuts) come into evidence when comparing “legacy” digital elevation
model (DEM) information with more recent topographic data acquired through active
remote sensing techniques (e.g. RADAR, LiDAR). In previous research, topographic
modification or change was assessed by subtracting the February 2000, Shuttle Radar
Topography Mission (SRTM) data from the National Elevation Dataset (NED) (Gesch,
2006). This calculation represents the basic idea for the United States Geological
Survey’s (USGS) data service designed to provision information contained in a national
inventory of significant topographic change – in the form of topographic modification
delineations (http://topochange.cr.usgs.gov/). To provide geospatial context to these
topographic changes vis-à-vis land cover change, information was pooled from two
sources covering two adjacent temporal windows: a) the USGS’s National Land Cover
Dataset (NLCD) 1992/2001 Retrofit Land Cover Change Product (LCC9201)
(http://www.mrlc.gov/multizone.php); and b) the 2001-2005 land cover change product
(LCC0105) created by the Kentucky Landscape Census Project (KLC)
(http://kygeonet.ky.gov). A subset of all data was extracted and geoprocessed to the
extent and boundary of Kentucky. Spatial distribution metrics were calculated using the
granularity imposed by the 12-digit hydrologic unit boundary dataset for Kentucky
(http://kygeonet.ky.gov). The initial epoch used in the pair-wise comparisons of SRTMNED spanned 50 years and ends in the early 90’s – coincident with the initial date of the
LCC9201. Fully attributed, 708 regions of topographic change occurred in 142
quadrangles, with a maximum of 66 polygons delineated in one of them (Figure 1; Table
1). In the subset of 186, 12-digit hydrologic units containing SRTM-NED topographic
change polygons, approximately 22,000, 179,000 and 88,000 acres were accounted for
topographic change, decadal land cover change (LCC9201), and quadrennial land cover
change (LCC0105), respectively as contiguous change regions greater than 2.47 acres.
Analysis of those watershed change regions shows a persistent pattern of change, perhaps
at an accelerated rate, strengthening the case for the need for the cyclic, synchronous
acquisition of a statewide elevation dataset, currently under discussion.

13

1
5
1
11
22
36
23
8
1
2
1
1
1
1
1
2
1

Area
Affected
(Acres)
24
746
20
272
2,082
3,501
13,247
1,024
14
58
30
13
25
128
170
55
269

Minimum
-97
-151
-85
-126
-120
-171
-277
-140
206
-86
79
-72
-92
-93
-82
-93
-155

Maximum
-88
210
-85
-45
182
255
230
171
206
-64
79
-72
-92
-84
71
-93
93

118

21,678

(-91)

(51)

Year

Polygons

Topographic
Quadrangles

1946
1947
1948
1949
1950
1951
1952
1953
1960
1967
1968
1972
1973
1978
1981
1987
1993
Total
(Average)

2
29
1
10
92
143
382
28
1
2
1
1
1
3
6
2
4
708

Height Difference – SRTM-NED (feet)
Mean
-92
-60
-85
-69
-53
-61
-14
-34
206
-75
79
-72
-92
-89
-6
-93
25
(-34)

Table 1. Epochal and spatial distribution of the topographic quadrangle sources and elevation
differences in Kentucky (SRTM-NED contrast).
Topographic Change Frequency Distribution
- by Quadrangle -

Figure 1. Distribution –
by number of quadrangles
- of topographic change
polygon frequencies;
1946-1993 period.
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CUMULATIVE IMPACTS ASSESSMENTS FOR 404 MINING PERMITS
A WATERSHED APPROACH
J. Steven Gardner, P.E., P.S.
Engineering Consulting Services, Inc.
340 South Broadway, 200
Lexington, KY 40508
233-2103
jsgardner@engrservices.com

ICG Hazard, LLC (ICG) operates the Thunder Ridge Surface Mine, located in Leslie
County, KY within the Middle Fork of the Kentucky River watershed. Surface mining
operations began in the early 1990’s with approximately 16 million tons being mined to
date. Approximately 2,500 acres have been fully reclaimed. On February 15, 2007, ICG
filed an application for a Department of the Army (DA) 404 permit with the Louisville
District. The Army Corps of Engineers issued a CWA Section 404 authorization for the
five fills included in Amendment #8 on December 3, 2007. In response to a lawsuit filed
against the Corps on 12/06/07 by the Sierra Club and Kentucky Waterways Alliance, the
Corps suspended the Section 404 authorization effective 12/26/07.
The Corps requested a cumulative effects assessment of Lower Bad Creek, Greasy
Creek, and the Middle Fork Kentucky River Watersheds utilizing a scope of analysis
which includes the stream channel and the adjacent riparian buffer.
The Council on Environmental Quality (CEQ) regulations [40 CFR 1500-1508],
implementing the procedural provisions of NEPA, define cumulative effects as “the
impact on the environment which results from the incremental impact of the action when
added to other past, present and reasonably foreseeable future actions, regardless of what
agency (Federal or non-Federal) or person undertakes such other actions [40 CFR
1508.7].” Engineering Consulting Services, Inc. (ECSI) was retained to assemble and
manage a multi-disciplinary project team to conduct this Cumulative Impact Assessment
(CIA). ECSI was charged with preparing the CIA in a comprehensive manner to address
all anticipated questions and issues. The approach selected by ECSI was to involve
several consulting groups familiar with the region, supplemented by University of
Kentucky researchers who have been working in surface mine reclamation, stream
reconstruction and hydrologic impacts and mitigation. The results would be compiled and
evaluated in an effort to relate the story of human activities in the Middle Fork of the
Kentucky River, including the long-term effects of mining, reclamation, and mitigation.
This presentation will summarize the project status to date.
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